To investigate factors associated with pesticide-related visits to health care providers (i.e., doctor or hospital visits), responses to self-administered questonnaires received from 35,879 licensed restricted-use pestcide applicators paticipating in the Agricultural Health Study were analyzed. (In Iowa, applicators are actay certified, whereas in North Carolina they are lised; for ease of reference, the term license will be used for both states in this paper.) The cohort reported a totl ofmore than: 10.9 million pesticide-application days. These applications were ted with one or more pesticide-related health care visits by 2,214 applicators (7.0% ofthe applicator cohort for whom health care visit data were available). 
hospital records to estimate nationwide incidence rates (1) . Based on extrapolations from selected hospitals, it was estimated that, nationwide, there were fewer than 3,000 hospital admissions for pesticide poisonings per year and about 66 deaths. The study, however, did not provide any indication of risk factors associated with these incidents.
Perhaps the most accurate statistics on acute pesticide poisonings come from California, where physicians are required by law to report all suspected pesticide-related cases; many of these cases are subsequently evaluated by the California Department of Food and Agriculture (2, 3) . In recent years the California Department of Food and Agriculture has received between 2,000 and 2,500 reports per year of suspected pesticide poisonings (3) . Slightly more than 50% of these are from confirmed occupational exposure to pesticides, 5-10% are from confirmed nonoccupational exposure, and 40-45% of the reports cannot be conclusively related to pesticide exposure. Although the data from California are of great importance, differences in environmental conditions influence the type of pesticides applied and the methods used to apply them (4, 5) . Additional statistics from other parts of the United States are neces- sary to obtain a more comprehensive picture of the determinants of poisoning.
The Agricultural Health Study (AHS) is a large epidemiologic study of registered pesticide applicators in Iowa and North Carolina (6) . During the first 2 years of the 3-year enrollment period, more than 35,000 applicators completed a self-administered questionnaire which inquired about any hospital or doctor visits that resulted from pesticide exposure and some potential determinants of these episodes. Although the AHS was designed to evaluate cancer and other chronic disease outcomes resulting from pesticide exposures, the cohort can also be used to study factors associated with pesticide-related medical visits. While pesticide poisoning is an important public health issue in its own right, identifying the determinants of poisoning may also help evaluate the circumstances leading to biologically important exposures related to cancer and other chronic diseases.
Methods
All private and commercial applicators in Iowa and North Carolina who wish to apply restricted-use pesticides must obtain a pesticide applicator's license (in North Carolina) or become certified (in Iowa) by undergoing training or testing in the safe handling of pesticides. In Iowa, pesticide applicators must become initially certified through testing. To become recertified, applicators have the option of either being retested every third year or obtaining 2 hr continuing education each year. In North Carolina, pesticide applicator licenses are issued after training and need to be renewed every 3 years. There are two license categories in both states: private applicators (primarily farmers) constitute 70% of licensed applicators, and commercial applicators comprise the remaining 30% and include persons employed by agricultural dealerships, pest control companies, or by businesses that use pesticides but whose primary function is not pesticide application, e.g., golf course managers. All certified applicators in both states are therefore available for enrollment into our study at the certification/recertification offices every 3 years.
At the testing or training session, each pesticide applicator was asked to read the informed consent and then complete a 21-page optically scannable enrollment questionnaire. In Iowa, commercial and private applicators attend the same sessions, and all applicators were invited to participate in the study. In North Carolina, private and commercial applicators attend separate training sessions; only private applicators from North Carolina were enrolled. The enrollment questionnaire obtained general information on the use of pesticides as well as information on 50 specific pesticides. For 22 of these pesticides, this included the number of years a specific pesticide was used and the average number of days of application per year. Additional questions included the use of protective dothing, the equipment used when applying pesticides, whether pesticides were personally mixed by the applicator, whether pesticide equipment was personally repaired by the applicator, the state of residence (Iowa, North Carolina), and the pesticide license or applicator certification type (private, commercial). The questionnaire also included questions about 38 types of crops and livestock raised in the past year, farm size in acres, smoking and alcohol consumption (analyzed by quartiles of lifetime consumption), fruit and vegetable intake (quartiles of consumption of fruits and vegetable analyzed separately and combined), as well as basic demographic data, analyzed as age in 10-year categories (15-24, 25-34, 35-44 , 45-54, 55-64, 65 and older), gender, education (analyzed as less than 12 years, high school graduate, and at least some college), and race (analyzed as white, black, and "other racial groups"). Quartiles of cumulative lifetime herbicide, insecticide, fumigant, and fungicide application days were 
Results
The enrollment participation rate for the first 2 years was 70% (i.e., 35,879 pesticide applicators completed the enrollment questionnaire out of 51,256 applicators who attended the training or testing sessions in both states) ( Table 1 ). In Iowa, 16,193 private applicators and 4,897 commercial applicators enrolled in the study; in North Carolina, 14 ,789 private applicators enrolled. We chose to report these results based on 2 years of enrollment data because the number of outcome events was sufficiently powerful for statistical analysis; the 2-year sample represented a random selection of study subjects from the 3-year cohort, thereby not biasing the results; and the findings were judged to have important public health significance dictating prompt reporting of results.
About 3% of the applicators enrolled in the study were women and 3.1% were minorities, reflecting the general proportion of race and gender groups seeking licenses in the study area. A large proportion of the nonwhite applicators were African American Among commercial applicators, 45% applied herbicides to crops, 37% applied pesticides to lawns and gardens, 25% applied insecticides to crops, 13% applied pesticides to homes, and 4% were engaged in forestry applications. Although they were younger and had somewhat fewer years of experience applying pesticides, commercial applicators tended to mix or apply pesticides more frequently than private applicators.
The 31,764 members of this cohort who answered the questions regarding visits to a doctor or hospital resulting from pesticide exposure have more than 10.9 million pesticide application days ( Pesticide application days Table 4 show the risk (odds ratio; OR) of a pesticide-related health care visit by the total days of pesticide application in deciles (average days of application multiplied by total years of application). The reference group comprised applicators who applied pesticides 3-24 days. The risk of pesticide-related visits to a doctor or hospital increased with the total number of pesticide applications.
The application characteristics associated with pesticide-related visits to a hospital or doctor are listed in Table 5 . After accounting for number of pesticide applicators [OR Table 4 . Odds ratios for total days of exposure shown in Figure 1 Total patterns, alcohol consumption, or fruit and vegetable consumption.
Discussion
In this large cross-sectional analysis of pesticide applicators, the frequency of insecticide use, a number of demographic variables, and several work practices were significantly associated with pesticide-related visits to a doctor or hospital. If these associations are judged to be determinants of pesticide poisoning, some of these risk factors (e.g., the high risk associated with mixing pesticides and repairing pesticide equipment) appear to be amenable to correction with additional engineering controls, training, or education. The key behavioral or occupational determinants of risk for other independent variables (e.g., sex, state of residence) associated with excess health care visits, however, are not obvious and will require further research. Significandy fewer pesticide-related visits were reported by applicators who had graduated from high school compared to those who had not. The estimated level of risk reduction associated with completing high school could not be explained by the total number of application days, work practices used, or the other risk factors identified. Because no additional increment of protection is afforded by completing college or graduate study, it may be that illiteracy or poor reading skills is a risk factor of pesticide intoxication. Although we have no data on the reading skills of this cohort, anecdotal reports from our field staff suggest that some applicators required the assistance of a "reader" who helped read the forms and test material. Limitations in reading skills would be expected to be most prevalent in the group that had not completed high school. More data need to be collected before a firm conclusion can be reached, but an education program (or special labeling such as differentially colored labels) for safe pesticide application designed for the reading impaired should be considered.
The odds of pesticide-related health care visits among female applicators is significantly lower than that of male applicators when other co-factors are controlled. The reason for this observation is not clear.
Because the epidemiologic literature suggests that women seek medical care more freely than men (10), the actual difference in the relative odds of a health care visit may be understated here. Men more frequently use certain pesticide application techniques than women, and these techniques may be associated with the use of more toxic chemicals or a greater opportunity for overexposure. These application techniques (e.g., spraying animals, row fumigation, seed treatment) have been associated with greater odds of pesticiderelated health care visits in our data, but there is an additional risk for males that is not explained by these variables. On the other hand, female applicators may adhere to recommended safe work practices more closely than their male counterparts. The difference in risk is substantial, and an elucidation of factors involved might prove useful in preventive programs.
Commercial applicators reported 51% more visits to hospitals and doctor's offices than private applicators. Although differences in the application methods used by commercial or private applicators were not apparent in our data, farmers may hire commercial applicators for tasks inherently more dangerous, and perform less dangerous applications themselves. We know of no data to support this possibility; however, in a study from Sweden (11), professional spraymen had higher urinary levels of several herbicides than farmers. Alternatively, commercial applicators may be more inclined to visit a doctor or hospital because commercial applicators may be covered by health insurance more frequently than farmers. In a study of two rural Vermont hospitals, farmers were less likely to use insurance to cover hospital costs than other patients from the county (12) .
Other factors have been associated with health-care seeking behavior (13) . Because we do not have information on the seriousness of the event that led to the self-reported visits, the issue of differential use of services or differential reporting must be considered. Persons of lower social class and nonwhite race incur more physician visits and hospitalizations than whites and those with higher incomes. This could be due to a greater medical need or to differences in behavior. Availability of care is also an issue; with fewer physicians per capita in rural areas, the frequency of health care visits may be less. To some extent, the homogeneity of this cohort minimizes the potential impact of some of these factors. Further, it has been demonstrated that health status is the most important determinant of the use of health care services (13) .
The bulk of exposure to herbicides occurs from dermal contact rather than from inhalation (14) (15) (16) . This suggests that mixer-loader operations may result in higher exposure than many application scenarios. On the other hand, a study of urinary levels of atrazine found little difference in levels between applicators and mixer-loaders (17 The acute human toxicity of insecticides and fumigants is generally greater than that of herbicides (18) (19) (20) . It may be this greater toxicity rather than a greater potential for exposure that was responsible for the excess risk of intoxication observed with increasing numbers of insecticide applications. Although the gradient of toxicity of different pesticides is well understood by toxicologists and conveyed to applicators through EPA-mandated signal words (e.g., "caution," "warning," "danger"), this information may need greater prominence on Although the Agricultural Health Study is prospective in design, the analysis here is cross-sectional. Because data on exposure and effect are obtained at the same time, cross-sectional analyses may introduce a selection bias resulting from differential follow-up of highly exposed and less highly exposed applicators. For example, individuals who suffered from pesticide poisoning that resulted in death, disability, or a decision to discontinue applying pesticides would not be included in this cohort. This could reduce the estimated frequency of health care visits resulting from pesticides. It would not, however, distort the pattern of risk associated with individual risk factors identified in this study unless there was a selective nonresponse for individuals with both a particular exposure and a visit to a health care provider. This could occur if recall about pesticide use was better among participants who experienced an exposure requiring medical care. Two additional limitations of the current study are that the outcome variable is based on unverified self-reports and the circumstances surrounding the health care visit were not ascertained in the current questionnaire. In California, self-reported episodes of pesticide intoxication could not be verified by the attending physician in 40-45% of the cases. The self-reports of intoxication in the Agricultural Health Study may suffer from the same problem. Thus, measures of association have been identified, but making cause-and-effect condusions from these associations or estimating the precise incident rate of pesticide intoxications may not be appropriate. Because the data are reported here in the form of relative odds (i.e., odds ratios) and not as an absolute risk rate, we do not anticipate a bias in reporting that would distort these risk estimates.
Most previous studies of pesticide applicators have been of a case-control design, and exposure assessment may have been incomplete and subject to case-recall bias. This analysis suffers from the same limitations, but the prospective cohort design of the Agricultural Health Study will permit us to minimize this concern in future years. This initial cross-sectional analysis of baseline data on the pesticide intoxication experience of the cohort itself has identified important exposure scenarios. These findings can be used to develop preventive strategies and to refine our future epidemiologic investigation of cancer and other chronic diseases.
